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Isoﬂavones are specialized metabolites found in soybeans seeds. Their distribution in soybean food
products are inﬂuenced by processing conditions. In this work, soybean seeds (Glycine max (L.) Merrill)
variety BRS 257 were roasted and milled to obtain ﬂour known as Kinako. Central composite rotational
design (CCRD) was used to analyze the inﬂuence of time and temperature on the composition of iso-
ﬂavones in the Kinako ﬂour. The isoﬂavones were determined by High-Performance Liquid Chroma-
tography, and the data sets were analyzed by principal component analysis (PCA). The PCAwas applied to
highlight the relationships between the distributions of isoﬂavones to the various roasting treatments
used to create the ﬂour. High contents of isoﬂavone-b-glucosides and acetyl-b-glucosides were detected
after treatments at 170e200 C for 11e21 min. High levels of isoﬂavones aglycones were found after
treatment at even higher temperatures and exposure times, thus conﬁrming the conversion of b-glu-
cosides and acetyl-b-glucosides into aglycones. Acetyldaidzin (0.49 mg/g) was majority among acetyl-b-
glucosides group and the major aglycones were daidzein, glycitein, and genistein (0.96, 0.83 and 0.41 mg/
g respectively). The content of isoﬂavone found in soy seeds by HPLC combined with chemometrics is
able to distinguish different patterns of isoﬂavones in soy ﬂour produced for food purposes.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
The soy [Glycine max (L.) Merrill] variety BRS 257 was developed
in Brazil by EMBRAPA by genetic breeding speciﬁcally for human
consumption. This variety of soy is free of the lipoxygenase
responsible for giving soy-based food products their bitter taste.
As ﬂavonoids, isoﬂavones are important specialized metabolites
(known as secondary metabolites) and are naturally present in
soybean seeds [G. max (L.) Merrill] (Fiechter, Opacak, Raba, &
Mayer, 2013; Kim, Kim, Hahn, & Chung, 2005; Kim et al., 2014).
These specializedmetabolites have been investigated in the context
of health, because they have been associated with a reduced risk of
some types of cancer such as ovarian, lung, prostate and colon
(Dong, Xu, Sikes, & Wu, 2013; Kim, Song, Kim, Choi, & Jang, 2012;
Lee et al., 2014; Zhang, et al., 2013). Isoﬂavones have been
demonstrated to reduce body weight and blood glucose and them 01, Pato Branco, PR, CEP
rpes).loss of insulin control post menopause (Zhang, et al., 2013) and are
also helpful in increasing bonemineral density inwomen (Liu et al.,
2009; Song, Paik, & Joung, 2008).
The isoﬂavones in soybean seeds are present in twelve com-
pounds and are classiﬁed into four groups: b-glucoside group
(daidzin (DIN), genistin (GIN), glycitin (GLY), acetyl-b-glucoside
group (6-O-acetyldaidzin (ADIN), 6-O-acetylgenistin (AGIN), 6-O-
acetylglycitin (AGLY)), malonyl-b-glucoside group (6-O-malo-
nyldaidzin (MDIN), 6-O-malonylgenistin (MGIN), 6-O-malonylgly-
citin (MGLY)), and aglycone group, including daidzein (DEIN),
genistein (GEIN), and glycitein (GLEIN) (Lee, Kimb, Zheng, & Row,
2007; Niamnuy, Nachaisin, Laohavanich, & Devahastin, 2011).
The distribution of these twelve isoﬂavones found in soybean is
inﬂuenced by many factors, including genotype, year, place of
collection, storage period and environmental conditions (Kim et al.,
2012; Lee et al., 2003). In nature soybean seeds contain mainly
isoﬂavones in the form of b-glucoside group and malonyl-b-
glucoside group and a low percentage of the aglycone forms. The
malonyl-b-glucoside are the predominant form in conventional
raw soybean about 70e80%, followed by b-glucoside (DIN, GIN,
Table 1
Coded levels and real values for the Central Composite Rotatable Design (CCRD) for
the 12 trials and the total isoﬂavone contents mg/g measured by HPLC in the Kinako
ﬂour.
Runs x1 x2 T(C) t (min) Total isoﬂavone mg/g
A1 1 1 178.70 13.90 2.95ab
A2 1 1 221.30 13.90 2.53e
A3 1 1 178.70 28.10 2.82bcd
A4 1 1 221.30 28.10 1.41h
A5 1.41 0 170.00 21.00 3.00a
A6 1.41 0 230.00 21.00 1.60g
A7 0 1.41 200.00 11.00 2.86abc
A8 0 1.41 200.00 31.00 2.03f
A9 0 0 200.00 21.00 2.81bcd
A10 0 0 200.00 21.00 2.73cd
A11 0 0 200.00 21.00 2.70c
A12 0 0 200.00 21.00 2.76cd
Pooled SD e e e e 0.53
The experiments were performed in duplicate and the results expressed as mean
(n¼ 2); Runs: assay A1 to A12 e combination of time and temperature; variable x1:
roasting temperature (C); variable x2: roasting time (min); Values followed by
different letters in the same column are signiﬁcantly different (P < 0.05).
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GEIN, GLEIN) (Lee & Lee, 2009).
However, the distribution of isoﬂavone compounds in soybean
food products is dependent on the processing conditions, princi-
pally the temperature and treatment time (Lima & Ida, 2014). Dry
heat treatment, such as frying, toasting, or baking process increases
the formation of acetyl-b-glucoside through decarboxylation from
malonyl-b-glucoside (Lee & Lee, 2009). The 6-O-malonylgenistin
could be converted into 6-O-acetylgenistin or genistin during
thermal treatments, whereas genistein could be formed from
genistin during fermentation process using natural compound (Kim
& Lee, 2011).
The potential health-promoting activity of soy isoﬂavones is
dependent on their availability for absorption after soy food con-
sumption. Glucoside isoﬂavones are hydrolyzed by b-glucosidase
from gut microﬂora into corresponding aglycones in the jejunum of
the large intestine (Kim & Lee, 2011). Digestion leads to the cleav-
age of the sugar moiety and the formation of the respective agly-
cones: genistein, daidzein and glycitein (Izumi et al., 2000). These
aglycones are absorbed more rapidly and in greater quantities than
their glucoside forms due to the fact that deglycosylated com-
pounds have low molecular weights and can be directly absorbed
by the intestine (Izumi et al., 2000; Kano, Takayanagi, Harada,
Sawada, & Ishikawa, 2006; Kawakami, Tsurugasaki, Nakamura, &
Osada, 2005; Okabe, Shimazu, & Tanimoto, 2011).
This study aimed at using a central composite rotational design
(CCRD) to evaluate the inﬂuence of temperature and time on the
conversion of isoﬂavone b-glucosides and malonyl-b-glucosides
into aglycones in wholemeal toasted Kinako ﬂour.
2. Material and methods
2.1. Samples
The soybean [G. max (L.) Merrill] used for the production of
Kinako was the variety BRS 257 from the 2011/2012 harvest. This
soybean was produced by selection from a cross between varieties
BR93-32109 and BR94-23396 cultivated in Ponta Grossa, a city
(25050 S e 50090 O) in the central region of the state of Parana
(PR), Brazil, and acquired by the SouthernMeridional Foundation of
Ponta Grossa, (PR), Brazil.
2.2. Chemicals
All solvents were of HPLC grade from Merck (Darmstadt, Ger-
many). Daidzin (DIN), genistin (GIN), glycitin (GLY), 6-O-ace-
tyldaidzin (ADIN), 6-O-acetylgenistin (AGIN), 6-O-acetylglycitin
(AGLY), 6-O-malonyldaidzin (MDIN), 6-O-malonylgenistin (MGIN),
6-O-malonylglycitin (MGLY), daidzein (DEIN), genistein (GEIN), and
glycitein (GLEIN) were purchased from SigmaeAldrich (St. Louis,
Missouri, USA).
2.3. Central Composite Rotatable Design (CCRD)
Whole seeds of soybean were subjected to heat treatment to
evaluate the effects of roasting time and temperature on the twelve
different forms of isoﬂavone in Kinako ﬂour. For this purpose, we
employed a factorial 22 design with a four point axis and four
repetitions on the central point, totaling 12 trials. Each combination
of time and temperature consisted of an assay, which were desig-
nated A1, A2 through A12. For each trial 80 g of soybean seeds were
roasted in a mufﬂe furnace (Quimis Q318S, S~ao Paulo, Brasil).
Table 1 shows the levels of the actual and coded independent
variables, as well as the concentration (mg/g) of the isoﬂavones in
the individual treatments.The independent variable x1 is the roasting temperature (C),
and the x2 variable is the roasting time (min). Assay A1, for
example, consisted of the combination temperature at the level 1
(178.7 C) to the level of 1 time (13.9 min). All treatments fol-
lowed the same logic and can be checked in the Table 1, which
refers to CCRD to optimize the best conditions of time and tem-
perature for the conversion of isoﬂavones into aglycone. Subse-
quently the whole seeds were ground in a grinder (Willey 4,
Minnesota, USA) equipped with a 0.400 mm sieve, and the ﬂour
samples were stored in a freezer for later analysis.2.4. Sample preparation
Extraction of the isoﬂavones from the Kinako samples was car-
ried out according to the methodology developed by Carr~ao-
Panizzi, Favoni, and Kikuchi (2002). The isoﬂavones were extrac-
ted from defatted soybean ﬂour (DSF). The 12 samples of Kinako
ﬂour were defatted with hexane (0.25 g/mL) under magnetic stir-
ring for 30 min at 25 C. After the incubation, the solvent layer was
separated from solid residue by centrifuging at 2000 g for 10 min
using a centrifuge (Eppendorf 5417R, Hamburg, Germany). 100 mg
of defatted soybean ﬂour (DSF) was mixed with 4 mL of ethanol
solution (700 g/L) with acetic acid (1 g/L) in a shaker for an hour, at
25 C at intervals of 15 min. Then the tubes were sonicated in an
ultrasonicator (Unique USC 5.000, S~ao Paulo, Brasil) for a period of
30 min. 1.5 mL aliquots of the extracts were centrifuged (Eppendorf
5417R, Hamburg, Germany) at 20.800 g at a temperature of 5 C, for
15 min. The supernatants were ﬁltered through 0.45 mm mem-
branes (Millipore, Massachusetts, USA). All extractions were per-
formed in duplicate.2.5. HPLC analysis
The separation and quantiﬁcation of isoﬂavones in soybean seed
and the Kinako ﬂour were performed according to Kim et al. (2006)
with some modiﬁcations. Aliquots of 20 mL were injected into a
liquid chromatograph (Waters 2690, Massachusetts, USA), and, to
separate the isoﬂavones, a C-18 reverse phase column (YMC-Pack
ODS-AM, Pennsylvania, USA) 250 mm  4.6 mm was used with
particles of 5.0 mmdiameter. For the fractionation, a binary gradient
system was used in which the mobile phase “A” consisted of
methanol containing 0.25 mL/L triﬂuoroacetic acid (TFA) and phase
“B” consisted of ultrapure water containing 0.25 mL/L TFA. The
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followed by cleaning of the column with 100% phase “A” for 5 min,
and a return to the initial condition of 20% “A”. The total analysis
time was 60 min. The mobile phase ﬂow rate was 1.0 mL/min and
the temperature during the analysis was maintained at 25 C. For
detection of the isoﬂavones a photodiode array detector was used
(Waters 996, Massachusetts, USA), with the wavelength adjusted to
260 nm. The software used to generate the data from the sample
analysis was Millennium 32 (version 3.05.01) (GCLC, Ontario,
Canada).
Calibration curves and linear regression based on the peak areas
were used to identify and quantify peaks corresponding to the 12
different forms of isoﬂavone. These calibration curves were ob-
tained using external standards of DIN, GIN, GLY, ADIN, AGIN, AGLY,
MDIN, MGIN, MGLY, DEIN, GEIN, and GLEIN. All standards were
dissolved in methanol (chromatographic grade) at the following
concentrations: 0.00625 mg/mL; 0.0125 mg/mL; 0.0250 mg/mL;
0.0500 mg/mL and 0.1000 mg/mL. These concentrations were used
afterwards for obtaining the limit of quantiﬁcation (LQ) of
0.0015 mg/mL and the detection limit (LD) of the equipment of
0.0005 mg/mL employing standards of DEIN and GEIN.
The content of isoﬂavones in the samples was expressed for
each isoﬂavone in mg/g of DSF. Determination of the isoﬂavones by
HPLC was also performed in duplicate.
2.6. Statistical analysis
The set of data and contents of isoﬂavones derived from the
CCRD were analyzed by response surface methodology (RSM).
Analysis of variance (ANOVA) at a signiﬁcance level of 5% was
performed to analyze the data and means were compared using a
LSD test. Principal components analysis (PCA) was also performed
on the same data set. Both analyses were performed in STATISTICA
8.0, and for the PCA the data were standardized. The standardiza-
tion of variables was obtained ﬁtting the data by Equation (1).
Xstandardize ¼
ðX  xÞ
s

(1)
where, X is each measurement, x is the column average and s is
deviation standard of the data set.
The reproducibility of the results was expressed as Pooled
Standard Deviation (Pooled SD) by Past Software 3.07 developed byTable 2
Isoﬂavones expressed in mg/g of DSF by high-performance liquid chromatography in soy
Runs DIN GLY GIN MDIN MGLY M
Initial soybean 0.68c 0.15f 0.61d 0.88b 0.23e 1
A1 0.85a 0.16a 0.78a nd nd n
A2 0.42e 0.02e 0.33d nd nd n
A3 0.64b 0.04c 0.58b nd nd n
A4 nd nd nd nd nd n
A5 0.86a 0.14b 0.80a nd nd n
A6 nd nd nd nd nd n
A7 0.85a 0.16a 0.78a nd nd n
A8 0.08g nd 0.04f nd nd n
A9 0.54c 0.03d 0.44c nd nd n
A10 0.44de nd 0.33d nd nd n
A11 0.46d nd 0.35d nd nd n
A12 0.38f nd 0.29e nd nd n
Pooled SD 0.30 0.06 0.28 e e e
DIN: Daidzin; GLY: Glycitin; GIN: Genistin; MDIN: 6-O-malonyldaidzin; MGLY: 6-O-m
acetylglycitin.
AGIN: 6-O-acetylgenistin; DEIN: Daidzein; GLEIN: Glycitein; GEIN: Genistein. nd: not de
The experiments were performed in duplicate and the results expressed as means (n
signiﬁcantly different amongst isoﬂavones (P < 0.05). Values followed by different letters
ﬂour (A1 to A12) (P < 0.05).Hammer, Harper, and Ryan (2001).3. Results and discussion
The content of total isoﬂavones in the respective Kinako ﬂour
after being subjected to the various treatments (A1 to A12) ac-
cording to a CCRD (item 2.3) is summarized in Table 1. Average total
isoﬂavones contents ranged from 1.41 to 3.00 mg/g Kinako ﬂour.
The total isoﬂavone content extracted in the A5 assay (170 C,
21.00 min), A1 (178.7 C, 13.90 min) and A7 (200 C, 11.00 min) did
not differ statistically in the Tukey test (p < 0.05). The lowest iso-
ﬂavone content was observed in the assay A4 (221.3 C, 28.10 min)
and it differs signiﬁcantly from the other treatments. Possibly, the
high temperature and the largest exposure time can promote
higher degradation of isoﬂavone of this sample (Table 1).
The soybean seeds variety BRS 257 were characterized by HPLC
to determine the proﬁle and content of the different forms of iso-
ﬂavones in mg/g of DSF. Average isoﬂavones contents ranged from
0.03 mg/g (GEIN) to 1.42 (MGIN) mg/g of Kinako ﬂour. There were
statistical differences between all isoﬂavones content (Table 2).
The chromatographic proﬁle of the isoﬂavones in soybean seeds
variety BRS 257, quantiﬁed by HPLC showed the presence of the
isoﬂavones glucosides including DIN, GIN, GLY, MDIN, MGIN, MGLY
and the aglycone group such as, DEIN, GEIN and GLEIN (Table 2).
The acetyl forms such as, ADIN, AGIN, and AGLY were not detected
in the soybean seeds variety BRS 257, consistent with studies
claiming that these forms of isoﬂavone are produced only after heat
treatment of soybeans (Lima & Ida, 2014; Silva, Carr~ao-Panizzi,
Mandarino, Leite, & Mo^naco, 2012).
Distribution of isoﬂavones in soybean can be altered during
thermal treatment. The acetyl-b-glucoside can be produced by
decarboxylation of malonyl-b-glucoside and both can be trans-
formed to b-glucoside via a deesteriﬁcation reaction. The aglycone
can be produced by hydrolysis of b-glucoside, malonyl and acetyl
forms. In addition, dry heat other treatments such as acid, alkaline
and enzyme can accelerate these inter-conversion reactions (Lee &
Lee, 2009; Niamnuy et al., 2011).
Gal~ao, Carr~ao-Panizzi, Mandarino, and Leite (2010) compared
the isoﬂavone content of twenty varieties of soybean grown in the
cities of Londrina and Ponta Grossa, Parana, Brazil, and their results
were similar to ours as regards BRS 257. The soybean produced in
the Londrina region in the state of Parana had values of 0.27, 0.12,bean seed and after the various treatments.
GIN ADIN AGLY AGIN DEIN GLEIN GEIN
.42a nd nd nd 0.04g 0.17f 0.03g
d 0.49a 0.09a 0.45a 0.07h nd 0.05g
d 0.27h 0.03d 0.26d 0.33ef 0.56e 0.31d
d 0.30g 0.04c 0.32c 0.22g 0.46g 0.23e
d nd nd nd 0.61c 0.50f 0.30d
d 0.42b 0.07b 0.42b 0.96a 0.13h 0.07f
d nd nd nd 0.65b 0.64c 0.31d
d 0.39c 0.09a 0.46a 0.06h nd 0.05g
d 0.14i nd 0.06f 0.60c 0.71b 0.41a
d 0.36d 0.04c 0.32c 0.31f 0.46g 0.30d
d 0.34e 0.03d 0.26d 0.37d 0.60d 0.35bc
d 0.32f 0.03d 0.27d 0.35de 0.59de 0.34c
d 0.32f 0.02e 0.19e 0.37d 0.83a 0.36b
0.15 0.03 0.15 0.25 0.26 0.12
alonylglycitin; MGIN: 6-O-malonylgenistin; ADIN: 6-O-acetyldaidzin; AGLY: 6-O-
tected DSF: Defatted Soybean Flour.
¼ 2). Values followed by different letters in the same line for initial soybean are
in the same column, are signiﬁcantly different amongst treatment to obtain Kinako
Table 3
Analysis of variance of responses of the isoﬂavones in Kinako ﬂour subjected to
treatments according to a Central Composite Rotatable Design (CCRD).
Source of
variation
SQ GL Q2medium Fcalc R
2 F tabulated
DIN Regression 1.04 1 1.04 247.69 0.97 5.12
Residue 0.04 9 0.00 e
Total 1.07 10 e e
GLY Regression 0.05 4 0.01 31.20 0.95 4.53
Residue 0.00 6 0.00 e
Total 0.05 10 e e
GIN Regression 0.90 1 0.90 186.35 0.95 5.12
Residue 0.04 9 0.00 e
Total 0.94 10 e e
ADIN Regression 0.26 1 0.26 514.44 0.99 5.12
Residue 0.00 9 e e
Total 0.26 10 e e
AGLY Regression 0.01 1 0.01 447.87 0.98 5.12
Residue 0.00 9 0.00 e
Total 0.01 10 e e
AGIN Regression 0.28 1 0.28 321.78 0.97 5.12
Residue 0.01 9 0.00 e
Total 0.29 10 e e
DEIN Regression 0.43 1 0.43 195.22 0.96 5.12
Residue 0.02 9 0.00 e
Total 0.45 10 e e
GLEIN Regression 0.60 1 0.60 89.58 0.91 5.12
Residue 0.06 9 0.01 e
Total 0.66 10 e e
GEIN Regression 0.15 2 0.08 38.40 0.91 4.46
Residue 0.02 8 0.00 e
Total 0.17 10 e e
DIN: Daidzin; GLY: Glycitin; GIN: Genistin; ADIN: 6-O-acetyldaidzin; AGLY: 6-O-
acetylglycitin; AGIN: 6-O-acetylgenistin; DEIN: Daidzein; GLEIN: Glycitein; GEIN:
Genistein.
D. Giaretta et al. / LWT - Food Science and Technology 64 (2015) 1209e121612120.26, 1.42, 0.61, 1.35, 0 and 0.03 mg/g of DSF, for the isoﬂavones DIN,
GLY, GIN, MDIN, MGLY, MGIN, DEIN and GEIN, respectively,
amounting to a total of 4.05 mg/g of DSF, while the soybean from
the Ponta Grossa region contained of 0.31; 0.09; 0.35; 1.09; 0.56;
0.02; 0.01 and 0.03 mg/g of DSF, in the same set of isoﬂavones,
amounting to a total of 4.31 mg/g of DSF.
The content of each isoﬂavone after the treatments (A1 to A12)
is displayed in Table 2. The highest the b-glucoside group (DIN, GLY,
GIN) was observed in A1, A5 and A7 assays, yet there was no dif-
ference amongst treatments. Among the aglycone group, DEIN (A5
assay) exhibited the highest content of isoﬂavone followed by
GLEIN (A12 assay) and GEIN (A8 assay), and there were statistical
differences between them (Table 2). Analysis of variance of re-
sponses in DIN, GLY, GIN, ADIN, AGIN, AGLY, DEIN, GLEIN and GEIN
in Kinako ﬂour subjected to thermal treatments according to CCRD
are shown in Table 3. The nine models generated by the algorithm
established by the CCRD and response surface methodology (RSM)
were signiﬁcant at 5% level. The ratio Fcal/Ftab ranged between 6.89
and 100.48 among the models of Anova (Table 3), indicating the ﬁtTable 4
Models generated for analysis of variance of the isoﬂavones in Kinako ﬂour subjec
Equation number Model generated
2 DIN ¼ 0.48  0.29T1  0.22t1
3 GLY ¼ 0.05T1 þ 0.03T2  0.05t
4 GIN ¼ 0.37  0.54T1  0.40t1
5 ADIN ¼ 0.34  0.14T1  0.06T2 
6 AGLY ¼ 0.03  0.03T1  0.03t1
7 AGIN ¼ 0.29  0.14T1  0.12t1
8 DEIN ¼ 0.34 þ 0.18T1 þ 0.15t1
9 GLEIN ¼ 0.55 þ 0.17T1 þ 0.17t1
10 GEIN ¼ 0.33 þ 0.08T1  0.07T2 þ
DIN: Daidzin; GLY: Glycitin; GIN: Genistin; ADIN: 6-O-acetyldaidzin; AGLY: 6-O-
GEIN: Genistein.of the data to the models for the type of experimental design
employed in this work. The nine quadratic models generated by
RSM for the isoﬂavones present in the Kinako ﬂour after the various
treatments had correlation coefﬁcients, R2, that ranged from 0.91 to
0.99 (Table 4) and such data variability can be explained by the
proposed models.
The model for DIN, (Equation 2, Table 4) was generated by
multiple linear regression and its surface response (Fig. 1a).
The content of DIN varied according to the temperature and
length of treatment in the 12 trials carried out in the factorial
design (Table 2). The response surface drawn in Fig. 1a indicates
that higher levels of DIN were obtained at low temperatures and
short treatment times (170 C for 21min). This is due to the fact that
mild conditions can better preserve soy isoﬂavones. Monitoring the
changes of isoﬂavone in soybeans proﬁles treated with oven-
drying, roasting, explosive pufﬁng and other process has been
discussed by several researchers and all agree that b-glucoside,
malonyl and acetyl forms of isoﬂavones are relatively unstable to
heats (Faraj & Vasanthan, 2004; Lee & Lee, 2009; Niamnuy et al.,
2011). Barnes, Coward, Kirk, and Sfakianos (1998) reported that
excessive heating resulted in increases in aglycone and decreases in
total isoﬂavones.
Xu, Wu, and Godber (2002) studied the isoﬂavone in soybeans
proﬁles, and reported that DIN, GIN, and GLY decreased after 3 min
of heating at 215 C, and found that isoﬂavone glucosides degraded
above 135 C. Therefore, at this temperature, the b-glucosides were
decomposed and lost the sugar part to become aglycones.
Themultivariate regressionmodel for the GLY showed a good ﬁt,
with R2 equal to 0.95 (Table 4) Equation 3 corresponds to Fig.1b and
illustrates the response surface generated by the model relating the
contents of GLY in the conjugated form to temperature and heating
time. The higher levels of GLY are formed in mild treatment con-
ditions (shorter times and lower temperatures) to preserve the
isoﬂavones (Fig. 1b).
The model adjusted for the levels of the GIN had R2 equal to 0.95
(Table 4) and 95% of the variability in the data can be explained by
the proposed model. Equation 4 (Table 4) shows the coded model
for the content of GIN taking into account the statistical signiﬁcance
parameters.
From Fig. 1c it is possible to conclude that the highest percent-
age of GIN is obtained in the lower range of time and roasting
temperature. According to Gal~ao et al. (2010), DIN and GIN are best
extracted at 60 C. Additionally, Lima and Ida (2014) found that the
yields of DIN, GLY and GIN were reduced by high temperatures and
exposure times in soybeans seeds submitted to hydrothermal
treatment. The best conditions were achieved with 6 h at 55 C
(time soaking and temperature). These are the main glycosides
found in soybeans seeds.
The response surface models for the derivatives of the acetyl
glycosidewere generated by the algorithm seen in Fig. 2a, b, and 2c;ted to treatments, according to a Central Composite Rotatable Design (CCRD).
Correlation coefﬁcient R2
0.97
1 þ 0.03t2 þ 0.03 Tt 0.95
0.95
0.10t1 0.99
0.98
0.97
0.96
0.91
0.09t1 0.91
acetylglycitin; AGIN: 6-O-acetylgenistin; DEIN: Daidzein; GLEIN: Glycitein;
Fig. 1. Response surfaces of the isoﬂavone daidzin e DIN (1a), glycitin e GLY (1b) and
genistin e GIN (1c) in mg/g DSF as a function of temperature and heating time.
Fig. 2. Response surfaces of the isoﬂavone acetyl daidzin e ADIN (2a), acetyl glycitin e
AGLY (2b) and acetyl genistin e AGIN (2c) in mg/g of DSF as a function of temperature
and heating time.
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perature and exposure times.
The analysis of variance (ANOVA) for ADIN is shown in Table 3.
The regression coefﬁcient (R2 ¼ 0.99) for the model was signiﬁcant,
indicating that this model can account for 99% of the variability in
the data (Table 4). According to Heck, Flo^res, Hertz, and Ayub
(2005) R2 measures the proportion of the total variation
explained by themodel. Thus, the greater the value of R2, that is, the
closer to 1, the lower will be the error and the more satisfactory the
experimental model.
Equation 5 (Table 4) and Fig. 2a exhibit the multivariate model
and the surface response to the dependent variable ADIN accordingto temperature and roasting times. Once more, long exposure times
and high temperatures decreased the concentration of this acety-
lated isoﬂavone.
The analysis of variance (ANOVA) obtained for AGLY conﬁrmed
that 98% of the variability in the data can be explained by the
proposed model (Table 3). Equation 6 (Table 4) corresponds to
Fig. 3. Response surfaces of the isoﬂavone aglycones daidzein e DEIN (3a), glycitein e
GLEIN (3b) and genistein e GEIN (3c) in mg/g of DSF as a function of temperature and
heating time.
Fig. 4. PCA plot: time and temperature factors effects on the conversion of isoﬂavones:
a) scores; b) loading plot for the isoﬂavones on principal components 1 and 2.
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tion of AGLY as a function of temperature and roasting times.
The response surface contours and curves relating to the con-
centration of AGIN (Fig. 2c), roasting time and temperature are
given by Equation 7 (Table 4). We again noted that long exposure
times and high temperature treatments decreased the concentra-
tion of these isoﬂavones. The analysis of variance (ANOVA) of AGIN(R2 ¼ 0.97) explains this same amount of the variability in the data
(Table 3).
These results are in agreement with studies of Lee and Lee
(2009), who mentioned that the heat used to obtain the extruded
or roasted ﬂour is responsible for changes in the proﬁle of iso-
ﬂavones. They found the oven-drying process decreased malonyl
derivatives and increased b-glucoside and aglycone group signiﬁ-
cantly. In roasting process, MGLY decreased while AGLY, DIN, GLY
and GIN, increased for 21 min at 200 C. Roasting caused more loss
in total isoﬂavones than oven-drying and explosive pufﬁng, which
may be due to the higher temperature of treatment. Shao et al.
(2009) also observed a difference in the proﬁle of isoﬂavones of
soybean seeds compared to soybean ﬂour, which had been ther-
mally treated.
Malonyl-b-glucoside forms were not detected after any of the
treatments, possibly due to degradation of these forms by the heat
(Table 2). Roasted soybean ﬂour, compared to the bean, contains
predominately AGLY rather than MGLY due to the dry heat used in
the processing, which leads to loss of carbon dioxide (decarboxyl-
ation) from the MGLY (Faraj & Vasanthan, 2004).
The results for aglycone content can be seen in Table 2. It can be
observed that 96% of the variability of the data for aglycone DEIN
can be explained by the proposed model. Equation 8 (Table 4)
represents the data in Fig. 3a, and illustrates the response surface
content of the isoﬂavone DEIN depending on roasting time and
temperature.
The analysis of variance (ANOVA) obtained for the set of data for
D. Giaretta et al. / LWT - Food Science and Technology 64 (2015) 1209e1216 1215the isoﬂavone GLEIN is presented in Table 3 and the model was
highly predictive, since 91% of the variability in the data can be
explained by the model (Equation 9, Table 4); the response surface
graph representing this model is shown in Fig. 3b showing the
content of the isoﬂavone GLEIN according to temperature and
roasting time.
The analysis of variance (ANOVA) for the data on the isoﬂavone
GEIN is shown in Table 3. The correlation coefﬁcient for the
generated model was 0.91, suggesting the high degree of reliability
of the data. Equation 10 (Table 4) represents the model generated
for the isoﬂavone GEIN content depending on roasting time and
temperature (Table 3). The response surfacemodel for this is shown
in Fig. 3c.
It can be seen in Fig. 3a, b, and 3c that there are very different
responses depending on the treatment applied. This indicates that
the concentrations of the isoﬂavone aglycone DEIN, GLEIN and
GEIN increase at elevated temperature and extended times.
Therefore, the majority of the coefﬁcients of the quadratic models
generated are positive. Data demonstrates that the isoﬂavone gly-
cosides were converted into their aglycones. In the present study,
these aglycones were found at high levels in Kinako ﬂour (Table 2).
Xu et al. (2002) demonstrated a reduction in the content of de-
esteriﬁed glycosides and the formation of aglycone and acetyl-b-
glucoside upon heating above 135 C. Soybeans and defatted soy
ﬂour contains mainly malonyl-b-glucoside isoﬂavones with lesser
amounts of b-glycosylated forms (DIN, GLY, GIN), and only traces of
acetyl-b-glucoside group. The same authors further reported that
there was a drastic reduction in the glycosidic forms at tempera-
tures above 185 C. At that temperature, less than 50% of the
original concentration was retained for DIN, GIN and GIN. The
molar concentrations of aglycone (DEIN, GLEIN, and GEIN)
increased after heat treatment at temperatures above 135 C for
30 min and ranged 0.002e0.02 mol/L.
Lee and Lee (2009) demonstrated an increase of isoﬂavones
aglycone content in soybean roasting at 200 C for 21 min. The
growth of DEIN, GLEIN, and GEIN values also was observed this
work during the treatment at elevated temperatures (Table 2).
Soybean seeds contained 0.043, 0.165 and 0.033 mg/g to DEIN,
GLEIN and GEIN, respectively (Table 2). However, after heat treat-
ment at 200 C for 20 min, the aglycone content increased 0.370,
0.594 and 0.358 mg/g to DEIN, GLEIN and GEIN, respectively
(Table 2).
The time and temperature factors were chosen to study their
effects on the conversion of b-glucoside isoﬂavones to acetyl-b-
glucoside and aglycone. Additionally, data obtained from CCRD
design was used to construct a PCA plot (Fig. 4ab). PCA transforms
the original measured data (random variables) into a new non-
correlated components by constructing linear combinations of
the original variance. The linear combinations are called principal
components (Zhao, Wang, Lu, & Jiang, 2010).
Two principal components were identiﬁed, explaining 98.06%
total variability (PC1 for 88.36% variation, PC2 for 9.70%, respec-
tively) for which correlations with input variables are presented in
Fig. 4ab. The group formed by AGIN, ADIN, DIN, and GIN isoﬂavones
(ﬁrst quadrant on Fig. 4b) was strongly inﬂuenced by the heating
time of 21.0 and 28.1 min by heating temperatures of 178.7 and
200.0 C. The group represented by the GEIN and GLEIN isoﬂavone
contents (second quadrant on Fig. 4b) was strongly inﬂuenced by
the same temperatures encountered in the previous case, but with
shorter heating time of 13.9e21 min.
The other group, with only one isoﬂavone representative, DEIN
(third quadrant on the Fig. 4b), presented its high levels when the
warm-up with highest temperatures of 200e230 C and time
ranged from 21 to 31 min. Finally, the last group (fourth quadrant
on Fig. 4b) represented by higher levels of isoﬂavones AGLYand GLYwere found in their treatments, inwhich the time ranged from 11 to
21 min and temperatures of 170e200 C (Fig. 4b). The principal
component analysis performed out on the data set of the isoﬂavone
levels in Kinako was efﬁcient to identify the relationship between
isoﬂavones classes with their treatments.
4. Conclusions
The effects of temperature and time to extraction on isoﬂavones
of soybean ﬂour were determined by Central Composite Rotatable
Design (CCRD) design and Response Surface Methodology (RSM).
The chromatographic proﬁle of the isoﬂavones showed that the
predominant compost present in the soybean seed variety BRS 257
was the malonylgenistin, followed by malonyldaidzin and daidzin.
However, the acetyl-b-glucosides forms were not detected in the
soybean seeds variety BRS 257. The beglucosides (daidzin, genistin,
glycitin) and acetyl-b-glucosides forms of isoﬂavones in Kinako
soybean ﬂour can be converted into aglycones by heat treatment at
elevated temperature and extended times. The understanding of
the effects of thermal processing in the isoﬂavones soybeans seeds
proﬁle may be useful for the food industry that looks for more
suitable rawmaterials for the development of isoﬂavone aglycones-
rich, soy-based functional products with health-promoting
beneﬁts.
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